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Contract Objective 



» 


Since contract initiation in raid- 1976, eight locomotive trucks have 
been tested and three series of component tests have been conducted. 



Testing Overview 
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A typical locomotive truck is composed of three major elements — fr 
wheel set(s), and bolster — connected by mechanisms such as springs 
dampers and bearings. A truck contains primary and secondary susp 
sion systems. 
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This slide is a photograph of a standard three-axle truck design. 
Shown is a GE U'iOC truck installed in Martin Marietta’s truck test 
ture. Arrows denote the truck frame, bolster and secondary suspen 
rubber pad springs. 



Standard Truck Design (3-Axle, U30C) 
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Swing-Hanger Truck Design 
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Swing-Hanger Truck Design (3-Axle, E8) 








Swing-Hanger Truck Design (concl) 
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Martin Marietta's Locomotive Truck Test Facility is located in the 
Structural Test Laboratory at the Waterton facility in Denver, 
Colorado. Truck test articles were shipped to Denver via rail or 
ground transportation. The slide shows preparations to ship the E 
GPSS truck after test completion. 
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Marietta Truck Test Facilit 













Test Instrumentation 
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Typical Truck Instrument a t ion 
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Bilinea r Stiffness - The bilinear stiffness characteristics shou*n are 
typical of a linear suspension element that has deflection limit 
stops. An example is a lateral suspension element such as a rubber pad 
spring in shear with a lateral travel stop after a delta deflection. The 
spring constant K2 is usually much greater than . 
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Data Interpretation (cont) 

• Friction 




Linear Stiffness plus Friction - Most suspension elements can be char- 
acterized by a combination of stiffness and friction. The slide shows 
the hysteresis typical of a linear spring combined with friction. 





Data Interpretation (cont) 

•&2S??! Characteristic - Friction 
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Viscous Damping - In addition to friction, a truck has other damping 
sources. Viscous damping is characteristic of rubber pad suspension 
springs and external hydraulic shock absorbers. This slide shows the 
hysteresis characteristic of a linear spring combined with viscous 
damping. 
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Ixcitation Frequency « 0.25 Hz *Load equalization. 


Truck Suspension Comparison - Lateral 


trow aEBWi >: i -a 
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Truck Suspension Comparison (conci) 

• Lateral (Secondary) 



In addition to the truck tests, three component test programs were 
ducted under the contract. The objective of these test programs wa 
investigate in more depth the characteristics of key suspension com 
nents. The component test programs conducted are delineated on the 
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Rubber Pad Element Tests 
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Rubber Pad Stiffness vs 
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Rubber Pad Stiffness versus Temperature 

Frequency -0.25 Hz 



Rubber Pad Damping vs Temperature 
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This slide shows the nonlinearity of pad stiffness as the excitation 
frequency is varied. 
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Testing was conducted on an MTS testing machine that plotted load 
sus deflection. During testing the bumper was configured with the 
cer and retainer similar to its installed configuration in the bea 
to provide realistic boundary conditions. The photograph shows th 
bumper with its spacer and retainer. 





Shock Absorber-Friction Snubber Element Test 



t N 

r«4 *y -y 


CO 01 
C X 
0) TO y 
X M 
O u w 

u o 


G O CX-y X M 

0 : E u O y uj 

CO 3 y O 

•oe y y 

y < 0) c tn c to 

cn x oi a) o 

3 O g T3 e *rl 

• M >H tl U W 

►» eu u o y o « 


O C -H . 

CO O C I 

to (0 

to iJ 3 3 

3 y -y 

111 U 3 

to y B 17 

4J to 3 *rl 

C 3 O hJ 

4J b 


1— 

co 

1 

H d 

U 


o* E >y 

y 

a 

y y 

y 

X3 

OT 

£ o 

<u 

UJ 

to -y a 

y 

co 

B -J 

y 


CU 


w 

o 

<y co 

y 

r-4 

•y a. 

3 

y 

u 

O B 



y -y 

u 

a 

O 3 

y 

jr 

•H 

a o 

u 

y 

co to xi 

cfl 

w 

y o 

CO 

y 

> 

H u 

w 

60 

y y 

y 

•e4 

cx u 

y 


0) C u 
u CO 

y HI 
<U X 
J- to 4J 
y 

y xi 

‘4-4 iJ CO 
O CO O 
4J r— 4 

X '•* 

D. O 
tO JJ 

V4 O 
60 CO T3 

O C4J Q) 
JJ CO 

0 0 3 
X JJ 
(X to 

•o CO 
to <u 3 
jj 

CO to M 
3 U O 

O 'rJ 4J 

x v* ro 

to X 3 
CO «J 
0^0 
TS CO 
•y tn 
H O (J 
91 3'^ 
^4 

0 0 3 
X M <0 
H 3 tJ 
JJ XI 
X >, 
. -H ,fi 
(0 *4-4 
X < 
y s 

' ? ■* 
y u • 

JJ -H CO 

y 0) 

O MO 
ci O 3 
3 3 JJ 


c~ ■ *v 

Q X 
>,> U 
>*J *4 
•H C 

COO 
60 3 

CO JJ 4J 

E U 

XJ 4) 
OB'- 1 
JJ CO U4 
4) 

y i-J XJ 
60 <-J 
CO 41 X) 
JJ U CO 
B O 

CO •O r-J 

> co 

XI O 41 
CO »*J X 
JJ 

(0 

CO 60 4) 

y co u 
•y 60 3 
B <0 

m e co 
x »y y 
y to E 
<u y 
6 u o 
co jj 

CO 

• C xi 
y y 

U CO 
3 ■ 3 

JJ JJ 
X C 4> 
•HUM 
cu S o) 
8 3 

d) u 
X CO CO 
jj r-4 y 

(X 4) 
60 CO CJ 
B "-t 3 
•H 3 3 


XI S g 
B * 41 41 

CO •O X *J • 

CO H 

to o y 

4) r-t CO 

•H © di 
JJ "O lu JJ 

• y c o 
y co m y , 

O M3 X 
"4 >»^J Jj 
41 U ■ 

|> C O 41 

o jj b 

0 3 'iJ 

Ji cro S 
o y u-> y 

y y i y 

y u-4 y 
to By 
B o xi 
<y o y 
o -y <y O' 
y y 
y co y 
60 y 60 *3 
G »y b y 
to y to co 
y X y 3 
y 

C y y 
60 y y 
B 3 y • 
• >y y S 
« x to 
b y y to - 
y to y s 

a * f r 

u y -y 
y X y o 
Cu y 
0 3 0 6 
y to 
y B y 
co -y y y 
y co > x 
y y o y - 



11 

1 

K. 


















1 





01 



1 

1 



CO 

CO 


CO 

♦ 


y 


0) 

o 

X 




y 


04 

ti 

i 

c 


c 

V4 

60 



00 

‘P 


M o 

Vi 

CO 

CO 

•H 

a-r4 



c 

ip 

0) 

CO 

O 

a; 

E 

Vi 

E 


X 



♦ p 

*P 



Q 

> 

c 

(0 

U 

•* 




3 

y 

X 

X 


CO 

o 

X 

01 

Vl 

d 



0 

0) H 

0) 



U-4 


VI 

04 

• r4 



X 

a 


X 

0 

c 

Vi 

X 

<U 

> 




0) 

V) 


CO 

p 

o 

CD 

01 

X 

S! 

4J 





• 

,r; 


*H 

a 

V4 


3 

r— ' 



>► 

to 

n 

to 

o 

4-1 


3 

0 

o 

3 



4J 

— 

«D 


l f\ 

CO 

CO 

<0 

4J 

X 

0) 



•P 

u 

X 

01 

1 

y 

m 

to 



04 



O 

04 

u 

X 


* P 

u 

0) 

01 


Vi 

* 


O 

u 

0 

H 

e 

<P 

0) 

E 

X 

* 


X 


»— i 

3 

V) 


O 

♦ H X 


CO 

CO 

X 

y 


a) 

VJ 

X 


Vw 

O 

Vi 

OJ 

E 

d 

X 

o 


> 

0 

(0 

» 

LP 

G 

O 

X 


o 

3 

X 



cfl 


X 


CL 

<0 

Vi 

G 

• H 

O 

CO 


g 

C4j 

X 

u 

G 

03 

X 


<U 

V4 

u 



X 

3 

u 

3 

00 


CO 

IV4 

<y 

•H 


04 


0 

C 

0 

W 

G 

</> 


e 

X 

X 

X 

X 


u 

co 

X 

u 

C0 


u 



a 

y 

X 


4J 

H 

[0 


Li 

U 

"y 

(0 

CO 

0 

« 



cn 



<3 


G 

0 

a 

to 

y 

Vi 

IU 



CD 

(J 

H 

G 

W 

X 

o 

X 


4J 

O 


0) 

x 

*i4 

X 

P 

P 

CO 

H 


X 




P 

u 

r4 


P 

P 


01 

VI 

CO 

X 

60 


03 


3 

a 

P 

O 

01 

> 

a 

d 

60 

d 


P 

XI 

CO 

x 

CO 

G 

X 

G 

E 

O 

3 

»H 


a; 

c 

Vi 

w 

Vi 

Ip 

VJ 

01 

V 

• H 

O 

X 


> 

CO 

X 


G 

P 



4J 

4-1 

Vi 

0 




>> 

01 

a 

c 

« 

>- 

Vi 

to 


Vl 


G 

co 

X 

X 

e 

CO 

Vi 

Vi 

CO 

Vi 

>. Vi 


u 

vi 


w 

G 

B 

<U 

CO 


0) 

V 

fO 


p 

<o 

■4t 


P 


> 

X 

o 

a 

01 


« 

G 

XI 

r— I 

c 


G 

QD 

c 

z 

0 

> 

o 

a 

UH 


in 

0 

G 

X 

3 

3 




u 

•P 


u 

cm 


X 

P 

O 

O 


u 

n 


p 

00 

m 

|P 

X 

P 


X 

X 

9 

04 

0) 

G 


c 

ai 

o 

0) 


X 



c 

X 

> 

P 

♦P 

»H 

V) 

CM 

co 

P 

p 

* 

01 

3 

d 

o 

T) 

P 

a. 


CM 

a 

0 

•P 

03 

X 

o 

3 



G 

e 

X 



IP 

3 

0) 

p 

X 


to 

U) 

P 

CO 

a) 

0 




u 


w 

X 

X 

G 

U 

T> 

n 

U 

r— 1 

CO 

r-i 

3 



y 

04 

L 

G 


3 


d 

P 

rP 

VJ 

• 

w 

0 

01 

P 

P 

tp 

CO 

G 

o 

CO 

G 

CO 

Sv, 


X 

CL 4J 

CO 

o 

co 

Q 

p 

T> 

3 

Vi 



CO 

CO 

G 

X 


01 


B 



CU 

iJ 

a 



P 

O 

P 

E 

g 

O 

4J 

G 

a 

G 

o 

to 

3 

G 


O 


X 

y 

(A 

p 

E 

G 



0 

a 

P 

*P 

G 

p 


G 

G 

Q> 

U 

X 

IU 

rH 

E 

G 

CL 

04 


VI 

P 

rH 

4-1 

• P 

i-4 

O 


G 

X 


a) 

l 

*rl 


G 


ip 



U 

4J 

U 

CO 

3 

0 


G 

P 

Vi 

*H 

X 

04 

G 


O 


u 

U4 

Vi 

X 

P 

0) 

G 

c 

Vi 


r— i 

05 

01 

(D 


04 

P 

O 

X 

60 

co 

3 

f— l 

cO 

X 

♦P 

XI 

G 

X 


u 

00 

»H 


4J 

G 

p 

< 



60 

Vi 

0) 


• ft 

G 

o 

CO 

> 

C 


<0 

d 

CO 

0 

G 

G 

X 


o 

U 

G 

o 


TO 

o 


w 

0) 

■U 


U-l 

H 

04 

L 

d 

O 

•P 

co 

G 

X 

03 

G 

4-1 

IP 


a 

U 


o 

r— * 

■H 

> 

CO 

CO 

T3 

<c 

O 

c 

E 


d 

X 

03 

Vi 

CO 


a 




(0 

04 

TJ 

CO 

w 


<5 


X 

B 

G 


w 

04 

V! 

G 

X 


01 

a 

C 

y 

o 

03 

• 


3 


60 U 


♦P ■ 

B 

o 

o 

a 

G 

0) 

f““i 

X 

04 

c 


H 

X 

o 

•H X 

c 

X 

60 

G 

04 

X 

c 

u 

32 

H 

o 

P 

03 

G 

H 

CO 

cp 

X 

V4 

r*4 

G 


i 


t 


r 



n 

o 

D 







i 


L», 










HTC Shock Absorber Characteristics 

• Delco P/N 22012514 

Hydraulic Shock 



SO 

£ CO 


so 

cm £; 
' r_ o 
o 


m -r 

2 

55 

to 

c\i 




< 

O 


0) 

JQ 

>_ 

O 

CO 

X) 

< 


o 

.. ™ 
© o 

XL H 

p in 

-t CNI 
C/> O 


§3 

So 

2 CM 
Li- © 



i 



9 

1 

t 



3 

*Tl 


2= 

•rt 

Vi 



O 

■8 

0) 


4-1 

U 

3 -rt 



as 



O 

U 3 




41 

1W 

rrt 

•rt U4 



9 

42 

O 

41 

> 



X 

O 

44 

4) 

> 

3 3 



u 

M 



•o 




3 

M 

<0 

3 

to 



Vl 


O 

O 


to 3 



o 


14-1 

4= 

3 

3 TS 



1*4 



4J 

41 

•rt «rt 




y 

3 


41 

S' > 



to 

ij 

<u 

4= 

3 

i ° 



4-1 

Q) 

a 

> 

44 

4-1 

3 Vi 



to 

0) 

•rt 

41 

•o a 



•o 

9 

3 

A 

3 Vi 


(0 

ij 


to 

9 

Vi 

41 

3 



e 

cO 

H 

41 

U 

•9 43 



•rt 

4-1 

XI 

3 

9 XI 



3 



A 

<0 

9 3 



o 


to 

3 

Vi 

3 

■ 


A 

Cl) 

Li 

9 

3 

41 rtN to 

>» 


to 

3 

to 

144 

>4 

4J 



H 



144 

3 3 

•r4 


M 

»y 

CO 

to 

3 

•rt 

A r9 

O 


4J 

CO 

•rt 

o 

■o 

VI p 

o 


CO 

Q) 

£ 

•rt 


O 



CO 

8 

H 

4-1 

O 

9 

<y 


t-H 


u 

• rt 

X» • 

> 



,_4 


•rt 

to 

3 r-s 



a> 

— J 

4 

A 

3 

U «4 


X 

a 

41 

A 

A 9 

o 


4J 


to 



y a 


to 



e 

<u 

3 

O X> 

CO 

o 

O 

if 

to 

j: 

A 

A 3 

(0 

•H 

4J 

Li 

u 

4-1 

4-1 

to B 

0) 

u 


A) 

n 




(0 rrt 

to 

l-t 

c 

•44 

3 

3 

•a 

■rt 

CO 

n 

o 

O 

3 

A 3 

Vi 

1-1 


*3 

• rt 


to 

4J O 

3 

9 

•*■4 

s 

CO 

44 

0) 


i— ' >rt 

to 

44 

e 

to 

o 

2 

44 

9 

u 


y 

•rt 

3 

3 O 

V 

9 

CO 

rt 

•rt 

4-1 


O -rt 


u 


§ 

*rt 

14-1 

to 

M 

•rt |4 

9 

to 

CO 

• rt 

■rt 

Vi 

P 1*4 

u 

A 

u 

1 1 

U • 

n 

3 

3 

V 

□ 

IS 

3 

4) tfl 

41 

XI 

35 3 

0 


'X? 

3. 4J 

4J 

VI 

rj CM 

v 


u 

to to 

U 

O 

00 *J 


9 

CO 

r* 

cm 

(0 

to 

to 

C w 

to 

-Q 

4J 


(0 4J 

V4 

43 

H 

3 

A 

c 

— « 

— 

CO 

3 

a e *h 

3 

a> 

ri 

Vi 9 

4S 


8 O 

a. 

1= 

CO 

7 

4) U 

y 

A 

3 *rt 

8 

W 

0) 

CM 

o 

V 3 


O 

•a ij 

9 


u 

3 44 

9 

o 

u 

•9 

c 

Pu 

fs 

4J tO 

A 

A 

4-1 -rt 


o 


o> 

<J V) 

4-1 

CO 

3 V 

44 

•rt 

(D 

to 9 



3 1*4 

3 

44 

'O 

r-* 

>4-i a. 

to 

y 

•o 

9 

O 


3 g 

3 

•rt 

3 3 

u 

<>-l 

rH 

0) 

i 

s to 

■rt 

*rt 

3 O 

to 

u 

«o 

tD 4-1 

M 

3 

3. 

3 

tu 


r*f 

,_( 

s i 

3 

3 

9 39 

O 


CO 


. •£ 

CV 

Vi 

35 9 

u 

o 

•H 

tO 

t frt 

4) to 

B U 

1 » 


tn 

42 

43 *rt 

o 

>> 

^ 3 

>> 

o 

H 


W JC 

u 

43 

4-1 A 

rrt 


f2 










□ 

D 



i; 




K 


L^?’i 



r*v 



i 

I 





U30 Friction Snubber Characteristics 




qi ‘0OJOJ 


• • • 


Stroke Velocity, in./s 





- . T 







i 

( 



1 

Si 




0) 

X 





Wl 


u 





r-*4 

1 o 

X 



CO 


i to 

U 




♦H 

l M 

3 



« 

3 

<u 

14 



Tj 


C 

44 



<U 

(non 




u 

XJ 

i u 40 

1-4 



V) 

w U 

cO 



0) 

<U Q) p 

3 



u 

iJ 

► JO u 

TJ 





Xi xJ 




X 

XJ 

t 

> 



o 

C 

! MH <u 

■H 



3 

» 0£ 

Ti 



|4 

C 

XJ 

3 



44 

C 

i O 

*H 




a co m 




X 

e <o o 

OJ 



u 

a 

i X 

X 



CO 

CJ 

i O. oO 

X 



(U 


c 

a 


u 


TJ 

1 44 >H 


u 

c 

c 

1 0) r-4 

o 


o 

0 

(0 01 OJ 

u 


<x 



XJ *o 

C44 


<D 

•o 

X 

; o 



cx 

QJ 

U t 50 



X 

3 40 

OJ 


u 

w 

u 

1 44 ,-4 

3 


« 

•H 

4J 

1 CO 



<D 

f— t 


(U U 

3 


H 

X 

r-H 

1 N *H 

44 



3 

T-J 

1 -H 44 

X 


C 

a 

O ti >i 

O 


0 



CO f-4 




w 

tS E CO 

OJ 


XJ 

4-1 

OJ B 3 

X 


tO 

3 

N 3 CO 



tsj 

o 

♦r 1 

1 0) 

>•, 


*H 

ex 


1 3 

CO 


U 

oj 

Cl 

1 ^ o 

6 


o 

u 

f 

( rH 


JJ 



[ «H i—l 

rW 


tj 

r— ( 


1 5 CO 



<0 

co 

5 

> 

CO 


H 

3 


iJ 0 

iJ 


(0 

tj 

XJ 

i U u 

0> 


JZ 

•f4 

CO 0 

TO 


u ! 

> 

X 

: a co 



•H 

44 <U 4J 

H 


0 

-a 


3 CO 

CO 


*l4 

c 

4-*- 

> TJ 

C 


a 

♦H 

r* 

■ 05 

o 


CO 



. v4 44 



c 

O 

ia x s 

XJ 


>1 

4-> 

i 

H <11 

•H 

• 

a 



> *H 

T5 

<n 


c 

oo a 

r O 

XJ 

OJ 

o 

i 


<0 


5> 

• r4 

05 "3 C44 


O 

*H 

4J 

C 

1 0) U-4 


P- 

44 

■H 

2X3 

a 

<u 

O 

TJ 


' <0 tg 

*o 

M 

6 

TJ 


•H 

0) 


o 

CO 

XJ 

\ f-l X 

XJ 

XJ 

o 


H ,£3 XJ 

w 

03 

o 

e 

a 

1 3 -H 

(U 

<D 

I-*! 

M 

a. a 3 

XJ 

XJ 



m 






D 

D 



i 







„ w.f ,'.<{• • ■ '" V- ■" * r- \Jy 

P 





<0 

to 

Q 

4 -> 

(0 

0 


•a 

o> 

N 

■ MM 

k- 

c 0 


o 

S’ 

II 

O 3 
3 C 0 

1’ 


- * 
2 -o 
(0 0 

Q Vi 

"O © 


£ 

3 

< f) 

£ 

2 

0 )q 

O ©T3 

«■ *s* ® 

0 - o ^ h“ 
»a^ * » 
® ® a “ o 

0 *= 5 <« 2 

G o o «o ^ 

|-o<aO 

> 3 O)^ o 

Dg.ESs 

g rat; ® .g. 

1 u “t o 

° ro o « 
Em o c ® 

8 « 3 .2 9 
g o © « <o 

i ” -g w o 


__ o 

* to 


£ 

0 

> 


O « 
C« 2* 


gXOQQ. 






SI 


01 

, CO <*■! £ 

0 V 
VM 

o » B 

<U O 

0) H P 
« 3 14-1 
c » 

o CO tfl 

a u u 
w B <0 

04 T3 

tJ CO 

s -o 

h O Hi 
in-4 k 
. 04 U 9 

a eo v> 

•H > CO 
t-h a> 

5 01 B 

0 4-1 

S to to 

r-4 04 
0) 0 4J 

JZ O to 

UH ll 
tfl O 
IIUO 
4J V4 
CO T) O 

i-i c o 

1 .5 

• H CO 
01 44 III 
U T) 
O 01 O 
44 44 O 

01 

"O T) 0) 
0) JZ 

c a >, h 

] o u 



> 


i 




I 

i 


f 



(0 


0 

s 

>» g 

O) fc 

o o 

II 

o 5- 

£ O 

0 >, 

^ Q) 

0 0 
0 cc 

0 co 
4= c 
«2 o 
S «= 

O (0 

E fc 

0 ) S. 

Q O 

■g s 

CO 

g-s 

© CO 
0 3 

0 § 
O uj 


(0 

0 

Q. 

O © 


E 

2 

O) 

p 


0 

0 

H 

0 

x: 

if 

si 

0 « 

4 -* C /5 

CO .b 
Q LL 

T3 

0 £ 
CO 0 

O -0 

Q. 0 

w ~ 

O 0 

o > 
c < 


0 

0 

0 

?" 

0 

< 

O 


.a 

0 

a 

GL 

a 

< 

s* 


■O 53 
0 O 
Q. 0 
O £ 

0 O 

> 0 
0 -Q 

Q O 

0 O 

*2 ©> 

o c 

0 53 

k_ 0 

©X 
3 LU 

tl 

8 s 

5 © 
© 0 
Z </3 


0 

> 

O 

0 

•■K 

o 


18 



S 

I 


I 

o-t 

01 


I 

o 


f* 0) ,M 

(0 01 E 2 
•E JS g 
E E 01 g 
■ E E P to 

6 E 0) fi 

•H » J fl 

X H 


0 10 -B 0) u 

H U C M 

O <0 CD 0) 4-1 

■B E 01 

O ^ H 0) 

£ co £ § s*. 

0) E h H 


I 

01 


CO 


E 

o 

a 

OJ 

E 

0 

u 

o 

CO 

a 

U-) 


01 

>> 

01 

E 

o 

60 

»— ( 

c 

ai 

u 



a 

■o 

O 01 
to 


X 

u 

CO 


0) 

•C 

•Ml 

t( 

M 

CO 

u 

■JJ 

1 

c 

01 

V/ 

9 

44 

p 

E 

CO 

U 4J 

to 

■B 

O 

44 


A 

QJ 

>H 



O 

to 

0 



44 

t* c 

CM 

U f-4 


» 

O 


_^-E 


0 


CO 

44 

to 

u 

0) 

H 



<0 


<u 



*r4 

2 

4 

j 


to 

CO 

CO 

to 

CO 

g 0) 

1 

9 

JS 

CO 



V 

CO 

to U3 

< 

11 

u 

3 

to 

44 

E 

QJ 

9 

\ 

3 





to 

js 

O 

( 

9. 

44 

ft 

0 

tE -a 

u 

e to 

i 

O 

O 

0) 

u 

00 

c 


e 

^4 


•B 



> 

ai 

■B 

01 

X 

e 


- 0 

to E 

01 

J!£ 

44 


« 

G 

60 

to 

ai 

"B 


a 

44 

01 to 

E 


TJ 

• 

01 




cB cu 

O) 

•B 

C 

« 

9 


H 

60 

P 

B • 

01 

0 

0) 

•E 


CO 

e 

0) 

o to 

•B 


CO 

E 



<4 

> 

Q) E 

9 

a> 

>1 

O 


*0 

44 

• *E 

00 u 

E 

T3 

r"f 

a 



<0 

to e 

01 

Cl 

O 

dJ 

0 


> 

♦4 

u O 

X 'E 

a 

u 

C 

Cl 


•H 


o 5 

Cl 01 

•E 


0 

o 


*0 

01 

01 0 

CO *B 


u 


1—t 


c 


L-t o 

E 

to 

a 

>% 



♦H 

CE 

01 o 

E H 

.6! 

44 

44 

01 



O 

*B ft 

H 

to 

0 

•H 

01 


0) 



01 EL 

(0 

a 

> 

E 


JS 

3 

X >.£ 

E 

6 

•H 

A 


44 

01 

U 01 

H 01 


o 

4J 

E 



•E 

CO X 

J9 


u 




CO 

> 

E 

E 

60 


CO 

tE 


Q) 

01 

E 01 

• 

O 

a 

c 

0 


44 

E 

e 

to C 

r-t 

0 

<y 



CO 


•O •£ 

e o 

o 

•H 

CO 

01 


H 

CO 

ai a 

O 

"B 

44 


CO 


0 


E E 

•H "V 

O 


M 

9 


£> TJ 

Cl 0) 

E 01 

X 


(U 

o 


CO 

01 

01 E 

to to 

E 

3 

44 

CL 


4J 

?> 

a oi 

ft CO 

9J 

B 

0J 

U) 

• 


ft 

« 'B 

9 ^3 

e 

•H 

0 

01 

w 

a> 

0 

01 

1 _ 


W 

10 

E 

44 

T> 

> 

o 

•n O 

ft 


M 


(4 

*H 

a 

>E E 

CO to 

to 

a; 

CD 

01 

<y 

rH 

•E 

O 

ft 

c 

> 

a x 

44 

CO 


”B 

60 C0 

»E 

•H 


E 

QJ 


to 

01 0) 

e 

tE 

44 

X 


•0 

CO 

e 

60 3 

• E 01 


O 

o 

01 


♦H 

E 

a oi 

E E 

01 

0 

a 

E 

?*> 

JS 

O 

C0 *E 

S 01 

X 

O 

E 

CO 

U 

H 

y-i 

E > 

•B 3 

P 

u 

E 

CL 

44 


Methodology Tasks 




,^ iasK 3^ “i * 1 r Ft 


O 

2 

h- 


(0 

<D 

■D 

3 

■*-> 

'E 

O) 

03 


0 

n 

00 


0 

c 

E 

i_ 

0 

■*-> 

0 

o 


« 

E 

0 

*D 

C 

2 0 
CO o 
0 

^ **= 
O 0 
0 Q 

h- £ 

.® e 

> o 
0 0 
QC 0 


0 

CO 

• MB 

75 

0 

QC 

0 

c 

1 

0 

*-• 

0 

Q 

S 

qT 

'55 

0 

0 

*i«» 

o 


0 

■*-) 

0 

0 

h- 


oo (O 

W’55 

E >> 

O 0 
O c 

0 < 

a: Z 

o & 
2 £ 
s- ° 
L 0 

*Z 

0 0 

3 Q 

< ^ 

5 ® 
0 E 
> o 
0 0 
QC 0 


0 

T> 

O 


O 

E 

0 

c 

■>- 

o 00 
Q LU 


0 

0 


C 

o 


% 

§ 

E 

0 

X 

•* 

I 

s 

0 

Q 

0 

a 

o 

s 

0 

a 


CO 

Z3 

*» 

O 

CO 


■a 
0 

c J 

0 £ 

0 
c 

O) 


0 

0 

a 

o 

£ 

O 

0 

Q. 

CO 

0 

0 


2 

0 

Q. 

E 

o 

O 


o 

2 


0 

3 

o 

■C 

5 


0 

o 

c 

0 

3 


0 

C 

I 

0 


Q 4 -> 

tl 0 

Q 


« 0 


0 

_>, 

0 3 1 

C ® 

<75 

> 0 
£C 
0 c 
c o 
0 

CO >- 
a) 

E 0 
o E 
f: 2 
0 0 
CL CL 


ao 



o 







1 x 

QJ 


tfl 




•o 

Li 


QJ 



o S*> 

10 B 

B 


TO 



e « 

•X 

B 

s 



• X 

to 

to 

O 

B 



U i-> 

4J TO 

Li 





tO *X 

to QJ 

60 TO 

QJ 



OJ X 

TO to 

0 

QJ 

> 



a •* 

9 

Li 

44 

•X 



■X * 

x 

a 

to 

X 



r-l QJ 

9 >< 


0 

y 



C r-l 

B- r-l 

4J 

X 

to 



O *M 

c r-i 

to 


Li 



s 

M tO 

QJ 

to 

QJ 



0) 

u 

44 

• rl 

X 



QJ X 

• r4 



B 



X *-> 

. a 

0) 

QJ 

• X 



4-1 

O >i£ 

TO 




10 

Q) 4-> 

44 

0 

B 



00 QJ 

X 


y 

to 



C TO 

• H QJ 

B 





•X -X 

to to 

•rl 

QJ 

s 



a. > 

QJ O 


X 

• X 



O O 

TO X 

■B 

H 




r-l X 

4J 

QJ 


to 



QJ CL 

o 

B 


a) 



> 

to QJ 

•rl 

• 

X 



QJ ’O 

Li 

to 

X 

to 



to c 

t4-l tO 

44 

c 

X 



tO 


X 

to 

QJ 



e 


o 

X 

a 



• X -a 

>> QJ 



o 



0) 

4J >\ 

10 

to 


• 


"O 4-1 

QJ 0 

44 

44 

TJ 

QJ 


qj e 

IU 

tO 

to 

B 

y 


m <v 

ft) O* 'O 

•o 

to 

to 


3 -X 

to e 




<w 


Li 

QJ 

X 

X 

> 

Li 


X O 

<4-1 

V 

to 

H 

aj 


U 1 

0 <0 

9 

QJ 


X 


CO Li 

4J 

Li 

X 

fl 

B 

j 

O QJ 

to -rl 

44 


to 

• X 


Li tO 

QJ B 


X 

x 

QJ 


CL 9 

Li 9 

QJ 

<J 

X 


a 

9 

X 

9 

L> 

TO 


to <0 

(0 0) 

H 

Li 

0 

0 


•X 

to X 


X 

b 

u 


QJ 

QJ X 






x IV 

B 

t 

QJ 

B 

Li 


x -o 

o 

TO 
TO B 


• X 

QJ 

to 


CO U 

B <0 

44 


B 

9 


4J 

tO 

to 

Ll 

QJ 


SI 

c x 

TO 

9 

O 

X 

X 


QJ 01 

r-l QJ 

•o 

IX 

to 

y 

<0 

to 4J 

QJ 4J 

s 


>> 

QJ 

o 

QJ 9 

TO B 

•rl 

to 

m 

X 

M 

Li CL 

O QJ 


• X 


•X 

a 

CL e 

0 -X 

TO 

to 

Li 

•O 

a 

O 

Li 

<0 

to 

QJ 

tO 

< 

QJ u 

QJ O 

O 

X 

X 


TO 

X 1 

Li 


9 


bO 

•rl QJ 

4J U 

r4 

QJ 

a 

60 

c 


Li 

•rl 

X 

B 

S 

• H 

>» 2 

to 

X 

o 

• X 

r-l 


<44 0 

Li 


o 

3 

QJ 

« 

•rl TJ 


£ 


O 


*H • 

TO Li 

QJ 

c 

o 

-X 

0 

X 5 f-< 

O QJ 

X 

0 

a 

rH 

s 

H QJ 

B X 

44 

<x 

w 

to 



Modeling Approach 






The formulation idealizes a locomotive using 15 degrees of freedom. 
This slide delineates the car body and truck degrees of freedom: 

Car body = 5 DOF 
Leading truck = 5 DOF 
Trailing truck = 5 DOF 



Model has 15 degrees of Freedom: 
Car Body = 5 DOF 






The model simulates the nonlinear time response of a locomotive to 
track geometry defects on curved or tangent track. Track geometry de- 
fects may be specified in terms of vertical, cross-level, or gage per- 
turbations. Complex detects are constructed by superposition. 
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This slide lists the locomotive elements considered in the analytical 
formulation. The car body is assumed rigid. Each truck's primary and 
secondary suspension systems are modeled with the truck frame and wheel 
sets assumed rigid. In addition to wheel/ rail interactions, the model 
allows specification of the constant coupler forces and wind loads. 
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Example Measures of Safety 

I •Single Wheel U V Ratio 
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* “Criteria for High-Speed Curving of Rail Vehicles,’ 9 
ASME Paper 79-WA/RT-L2, F. E. Dean and D. R. Ahlbeck, 
Battellle, 7 August 1979. 





Computer Code Inputs 
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Locomotive Car Body and Truck Parameters 
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Track Geometry Defect Designation 
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Operational Parameters 



Code output consists of the items listed on the slide. For each case 
run the input data are listed, including (1) locomotive car body and 
truck geometry, mass properties, and suspension parameters, (2) track 
geometry defect specifications, and (3) steady-state operational 





Computer Code Outputs 
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Free Damped Response/ Locomotive Body Vertical 






This slide shows an example plot of wheel set (trailing truck) lateral 
displacement from track centerline for a locomotive subjected to a com 
bined track geometry defect at 54 mph. Axle 3 is the trailing axle on 
the trailing truck. 
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Methodology Application 
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Sensitivity Analysis 
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econd study performed was a comparative analysis of three locomo- 
SDP-40F (new HTC trucks), U30C, E8 . The analysis was performed 
simulated 3-degree curve over a speed range of 40 to 65 raph. A 
.ned (vertical, lateral, cross-level) track geometry defect was em 
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Wheel L/V is an indicator of flange climbing potential. There are only 
minor differences between the three locomotives. All wheel L/V ratios 
are well below critical values, indicating a low probability of derail- 
ment due to flange climbing for the track defect analyzed. 
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This slide shows a trend similar to the last slide. At 65 mph the U30C 
exhibits a significant increase in truck side L/V. Truck side L/V is 
an indicator of rail rollover potential. 
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This slide presents some potential applications of the analytical meth- 
odology developed under this contract. We feel the code has general 
applicability in the design, maintanence, and operational evaluation of 
locomotives. The code can be used to supplement, and in some cases re- 
place, expensive field testing. 
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